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Abstract 

We report preliminary measurements of the exclusive charmless semileptonic branching fractions 
of the r]£~^u and ri'i~^i/ decays. These measurements are based on 316 fb~^ of data 

collected at the T{4S) resonance by the BABAR detector. In events in which the decay of one 
B meson to a hadronic final state is fully reconstructed, the semileptonic decay of the recoiling B 
meson is identified by the detection of a charged lepton and an ij oi ij' . We measure the branching 
fraction B{B+ r]t^v ) = (0.84 ± 0.27 ± 0.21) x 10~^, where the first error is statistical and the 
second one systematic. We also set an upper limit on the branching fraction of B{B^ iji^v ) < 
1.4 X 10"^ and B{B+ r]'£+u ) < 1.3 x 10"^ at the 90% confidence level. 
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1 Introduction 



Precise measurements of the Cabibbo-Kobayashi-Maskawa matrix [1] element V^b can be employed 
to test the consistency of the Standard Model description of CP violation. \Vub\ can be extracted 
from exclusive charmless semileptonic B decays allowing for more stringent kinematical constraints 
and better background suppression than possible with inclusive measurements. However, the de- 
termination of \Vub\ from exclusive decays is complicated by the presence of the strong interaction 
between the quarks in the initial and the final states. In the case oi B ^ X^f-i^ decays, where 
Xu is a pseudoscalar meson, and neglecting the mass of the lepton, the dynamics are described 
by a single form-factor f{q^) that depends on the square of the B momentum transfer q. 

The shape of the form-factors can in principle be measured, while we have to rely on theoretical 
predictions [2] for their normalization. 

Exclusive charmless semileptonic B decays have been previously measured by the CLEO [3], 
Belle [4] and BABMi [5-8] collaborations. An extensive study with independent measurements of 
various additional charmless semileptonic decay modes, such as those involving the cj, r/, r/', aj] , 
is important to further constrain the theoretical models and reduce the statistical and systematic 
uncertainties. In this paper, we present an update of our previous results [9] on the branching 
fractions for the B'^ rjt^u ^ and B^ — ^ 'q't^u decay modes. 

The analysis is based on a sample of BB events produced at the T(45') resonance that are 
tagged by a fully reconstructed hadronic decay. The full reconstruction of the tagging B provides 
a clean sample of BB events and allows us to determine the flavor of the reconstructed B meson 
and to separate B^ and B^ decays. 

A semileptonic decay of the recoiling B meson is identified by the presence of a charged lepton. 
The ri and r/' mesons in the semileptonic decay are reconstructed, and the missing mass is calcu- 
lated assuming that the rj {rj') and the charged lepton are the only particles present in the recoil 
except for the undetected neutrino. Since the momentum of the tagging B meson is measured, a 
transformation into the rest frame of the recoiling B meson can be performed. 

2 Data Sample 

The preliminary results shown here are based on a data sample corresponding to an integrated 
luminosity of 316 fb^^, containing about 347 million BB pairs, collected with the BABAR detector 
[10] at the SLAC PEP-II asymmetric-energy e+e^ collider [11] operating at the T{4S) resonance. A 
Monte Carlo (MC) simulation of the BABAR detector based on Geant4 [12] has been used to optimize 
the selection criteria and to determine the signal efficiencies and background distributions. 

3 Event Reconstruction and Selection 

The analysis proceeds in three steps: first, one of the two B mesons is fully reconstructed in 
hadronic decays (Breco), second, for the recoiling B meson (Bgig) we only reconstruct a charged 
lepton, electron or muon, and then we select the exclusive decays — > ril'^v and S+ — > ry'^+z/ . In 
order to minimize the systematic uncertainties due to the Breco selection and lepton identification, 
the exclusive branching fractions are measured relative to the inclusive semileptonic branching 
fraction. 

^Charge-conjugate modes are implied throughout this paper, unless explicitly stated otherwise. 
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3.1 Full Reconstruction of Hadronic B Decays 

To reconstruct a sample of B mesons, the hadronic decays D^Y^ , D*^Y~^ are selected. The 

system consists of hadrons with a total charge of +1, composed of niir^ n2K^ n^Kg n4'iT^ , 
where ni + 712 < 5, 71.3 < 2, and < 2. We reconstruct D*^ D^ir^ , D^^ and K~^tt~, 
K^7r~TT^, K^TT^TT^TT^ , KgTT^TT^ and vr^TT^. The kinematical consistency of Breco candidates 

is checked with two variables, the beam energy-substituted mass thes = \J ^/'^~ Pb ^^'^ energy 
difference AE = Eb — \fs/'^- Here ^/s is the total energy in the T(45') center-of-mass (CM) frame, 
and Pb and Eb denote the momentum and energy of the B^eco candidate in the same frame. We 
require |Aii^| < Sitae, where (Ta_e = 10 to 35MeV, depending on the decay mode, is the resolution 
on /\E for signal Breco events. On average, we reconstruct one signal B^eco candidate in 200 B^B~ 
events. 

The combinatorial background from BB events and e+e~ qq {q = u,d,s,c) events is sub- 
tracted by performing an unbinned maximum likelihood fit to the tties distribution, using the 
following threshold function [13]: 

oc TTT-Esv^l - 3;^exp f-g(l - x^)) , (1) 

for the background (where x = mEs/^max, nT'max is the endpoint of the curve and ^ is a free 
parameter determined by the fit to the niES distribution). A Gaussian function corrected for 
radiation losses [14] peaked at the B meson mass is used to describe the signal. 

3.2 Selection of Semileptonic B Decays 

The semileptonic selection identifies a charged lepton with a momentum p| in the Bsig rest frame 
greater than 0.5GeV/c for electrons and 0.8GeV/c for muons. Electron candidates are identified 
using a likelihood method whose efficiency is about 93% and the hadron misidentification rate is less 
than 0.1%. Muons are identified with an efficiency of about 75% and the hadron misidentification 




1.21 5.228 5.246 5.264 5.282 5.3 

T^sEGeV/c'] 



Figure 1: Fit to the Breco "t-es distribution for events with a fully reconstructed B'^ decay, after 
semileptonic selection has been applied The fitted curve (solid line) to the data points is the sum 
of a radiation loss corrected Gaussian and a threshold function (dashed line) described by Eq. 1. 
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rate is about 3%. We also require the lepton and the -Breco candidate to have opposite charge and 
that the lepton track has not been used to reconstruct the Breco candidate. Tracks are assumed 
to be pions if they are not identified as either a muon or an electron. The number of events after 
the semileptonic selection is obtained with the rriES fit described in Section 3.1. The fit result on 
data is shown in Fig. 1. 

The distributions of the lepton momentum, computed in the recoiling B rest frame, at this 
stage of the selection, are shown in Fig. 2. 

3.3 Selection of 5 ^ rjiu and B — > rj' iu Decays 

The B~^ rji^u [B^ rj'l'^v ) decay of B^ig is reconstructed by combining i] [r]') candidates with 
the charged lepton. We reconstruct tj candidates in three decay modes: ^ 77 {BF = 39.4%), 
T] 7r+7r-7r° {BF = 22.6%) and rj 7r°7r°7r° {BF = 32.5%). The 7r° candidates used to build 
the rj are defined as pairs of photons, each with an energy in the laboratory frame E.y > 30MeV, 
in the invariant mass window 110 < m^^ < 160MeV/c^. For the r] vr'^Tr^vr'' channel one of the 
three reconstructed vr'^ mesons should satisfy additional requirements based on the shape of the 
neutral clusters of the electromagnetic calorimeter and a tighter cut on the invariant mass of the vr'^ 
(115 < < 150MeV/c2). The aim of these additional cuts is the reduction of the combinatorial 
background. 

We reconstruct t]' candidates in two decay modes: r]' p^'y (BF = 29.5%) and r]' —>■ t/tt+tt" 
(BF = 44.3%). The p° candidates used to build the 7]' are reconstructed as pairs of charged pions 
with opposite charge while the rj candidates are selected as described above. In the rj' — > p^j 
channel we apply a cut on the momentum of the 7 at p* > 0.35GeV/c to remove the background 
from B~^ — > p^l'^u and b — > ciu decays. 

After these selection criteria, the dominant background is due to 6 ^ cii' semileptonic decays 
with either a real or combinatorial r]^ \ A good rejection variable against these events is the missing 
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Figure 2: Distributions of the electron and muon momenta, computed in the rest frame of 
the recoiling B, for data points and Monte Carlo (histogram) for B^ 'qi'^v (left) and B'^ 
rf t^v (right), after applying all cuts of the semileptonic selection except for the request on p^, for 
events in which at least one r\{rl^ candidate has been found. The distributions are normalized to 
the same area. The ratio between data and MC simulation is shown below the histogram. 
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four momentum of the event 

Pmiss = Pr(45) - PBreco - Pviv') ~ Pi^ (2) 

where Pr(4S) is the sum of the four-momenta of the colliding beams, PBreco is the measured four- 
momentum of the Bj-eco, P'niri') is the measured four-momentum of the rj or rf and p£ is the measured 
four-momentum of the lepton. For signal events the only missing particle should be a single 
undetected neutrino, while for background events the missing momentum and energy in the event 
are due to other undetected or poorly measured particles. Thus, in signal events the resulting 
missing mass squared, defined as m^j^^ = p^jg^, peaks at zero while for background events it tends 
to have larger values, and provides a discrimination of signal and background. 

To select the decay modes of interest, the following additional selection criteria are applied: 

• a cut on the invariant mass of the rj and rj' candidates, different for each mode; 

• event charge balance: Qtot = Qsreco'^QBsig = 0- This condition rejects preferentially b civ 
events, since their higher charge multiplicity implies a larger number of lost charged tracks; 

• a cut on the squared missing mass, jm^j^^l < 0.5GeV^/c^; 

• the only tracks allowed to be present in the recoil are the charged lepton and the tracks used 
to reconstruct the 77 or 77' candidate; 

• for the — >■ 'qi'^v channel, the missing mass squared calculated assuming a — > n^i'^iy 
decay is required to be Irn^j^ggl^o > 1.5GeV^/c^. This condition rejects 5+ — n'^i'^u events, 
which are the main b uiv background source. 

The selection criteria described above have been optimized by minimizing the expected statisti- 
cal error of the measurement and are summarized in Table 1. After all cuts have been applied we 
have 10-15% signal events with more than one ij (r/') candidates for event. When several candidates 
remain in an event after all the cuts, the one with rrv^^-^g closest to zero is chosen. The selection 
efficiencies e^^i^" as estimated from the Monte Carlo simulation are reported in Table 2. The number 
of events after all analysis cuts are obtained with the fit to the mss distribution. The fit results on 
data are shown in Fig. 3. 

4 Measurement of Branching Fractions 

In order to reduce systematic uncertainties, the exclusive branching fractions are measured relative 
to the inclusive semileptonic branching fraction. 

After the combinatorial background has been subtracted using the w-es ht, the number of 
inclusive B X£u events, N^'^""'^, and the number of remaining background events, N^'-', peaking 
at the B mass in the mss distribution, are related to the true number of semileptonic decays N^l'^^ 
as: 

j^meas _ ^BG ^ N^rne _ ^3) 

Here e*^ refers to the efficiency for selecting a lepton from a semileptonic B decay in an event with 
a hadronic B decay, reconstructed with tag efficiency ef. 
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Table 1: Summary of event selection for 5+ — rji'^u and — t( t^v 



Selection 


B+ ril+v 


B+ n'i+u 


7t 

tt" mass 


110 < m^^ < 160MeV/c^ 
115 < m^^ < 150MeV/c2 (77 ^ 7r°7r°7r°) 


r\ mass 






(?? ^ 77 ) 

(ry ^ 7r''"7r~7r^) 


505 <mrj< 585 MeV/c^ 
530 <mr,< 560MeV/c2 
510 < < 580MeV/c2 


r/' mass 






(V- A) 




930 < m^/ < 980MeV/c2 


(ry' ^ ryvr+TT , — > 77 ) 

(77' — ^ riTr'^iT~, r] — > 7r"'"7r^7r'') 




940 < m^/ < 970MeV/c2 
935 < m^/ < 975MeV/c2 


(ry' ^ rj7r~^'!T~, rj — > tt'^tt^tt'^) 




910 < rur,' < lOOOMeV/c^ 


p*^ mass 




595 < m^+^- < 955MeV/c2 


7 momentum 




p* > 0.35 GeV/c 


Lepton momentum 


pli > 0.5GeV/c 


,p* > 0.8GeV/c 


Number of leptons 


^lepton 1 


Charge conservation 


Qtot = 


Number of tracks 


no additional charged tracks 


Charge correlation 


Qb{recc 


)Q£ < 


Missing mass squared 


\ml,iss\ < 0.5GeV7c'' 


— > TT^i'^i' rejection 


|m^,,,K)|>1.5GeV7c^ 
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Figure 3: Fit to the niES distribution for B rjiu (left) and B rl Iv (right) candidates, after ah 
selection criteria have been applied. The fitted curve (solid line) to the data points is the sum of a 
radiation loss corrected Gaussian and a threshold function (dashed line) described by Eq. 1. 



The number of B^ — > 'qt^v [B^ rj'i^u ) events after the tties combinatoric background 
subtraction, N^'^f'^, and the number of peaking background events, N^J^i, are related to the true 
number of B^ — > rji'^i' (B^ rj'i'^i' ) decays N^^f as 

-\Tmeas AfBG excl excl excl ]\Ttrue fA\ 

^^excl ~ ^^exd — ^sel H H excl J W 

where the signal efficiency e^^^f accounts for all selection criteria applied to the sample after the 
requirement of the presence of a charged lepton. 

The background contributions N^j^'^ and N^^^ are estimated using the MC simulation and scaled 
to the luminosity of the data sample by the ratio of the number of semileptonic events in data and 
MC. For N^^i we further rescale to match the data in a sideband region 1 < m^j^^ < 4GeV^/c^. 

We measure the ratio of the branching fractions for B'^ — > ■q(.~^v or B^ r{ i'^v to the branching 
fraction of — > Xlv decays as 



excl\ sl^sl 
^sel ) H 



Tj V l \ I J J excl V excl excl 1 1 \ sel ) ^ I t /(-\ 

^excl/sl— j^^j^ ^ Xlv) ~ JV*pe ~ ^jymeas _ jyBG^ ^excl^excV ^ ' 



The ratio of efficiencies for B Xlu and signal events in Eq. 5 is expected to be close to, but not 
equal to unity. Due to the difference in multiplicity and the different lepton momentum spectra, we 
expect the tag efficiencies ^'^^'^^ and the charged lepton efficiencies g^^'*^^^' to be slightly different for 
the two classes of events. Using the semileptonic branching ratio B{B — > Xiu) = (10.73 it 0.28)% 
[15] and the ratio of the B^ and B'^ lifetimes t^+It^o = 1.086 it 0.017 [15], the branching ratios 
B{B^ — > r](.^v ) and B{B^ — > ri'l^i/ ) are derived. 

The results for Rexcl/sl ^^^d all the corresponding input measurements are shown in Table 2. 
Fig. 4 shows the resulting data fn^^g^ distributions. The signal and background components from 
the Monte Carlo has been scaled to the number of events passing the semileptonic selection and 
further rescaled by a factor 1.29 it 0.06 for B^ — > r](l.^v and a factor 0.97 it 0.09 for B^ ri'i^v . 
We also report in Table 3 the contribution to the peaking background from the different components. 
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Table 2: Measurement of Rc^ci/si for ~^ rjt'^u and S+ — rj'i'^i' and corresponding inputs. The 
reported errors are statistical only. 



modo 






<:■::[' 




''i " 't" 




B+ r]l+v 
B+ rj'i+u 


45.9 ±7.1 
14.0 ±5.3 


23.8 ±4.9 
11.0 ±3.3 


0.24 ±0.02 
0.10 ±0.01 


109000 ± 450 
109000 ± 450 


0.88 ±0.06 
1.05 ± 0.08 


0.75 ±0.24 
0.30 ±0.53 



Table 3: Breakdown of background events for 5+ 'qt^v and rj'l'^u . For each studied 

channel (columns) the background contributions from the different components (rows) are shown. 







B+ r}'£+v 


B+ n'^e+u 

B+ p^e+u 
B^ uj£u 
B+ -> rii+u 
B+ r]'t+v 
Other h — uiv 


0.77 ±0.57 
0.19 ±0.14 

0.39 ±0.29 

0.77 ±0.57 
0.19 ±0.14 


0.15 ±0.19 
0.45 ± 0.58 


B D£v 
B D*eu 
Other b —>■ civ 


2.44 ±0.61 
17.08 ±4.32 
0.82 ±0.21 


1.48 ±0.51 
5.94 ± 2.06 
0.89 ±0.31 


Oth(;rs 


1.21 ± 1.25 


2.33 ± 1.53 



5 Systematic Uncertainties 

The different sources of systematic uncertainties and their impact on the final results are reported 

in Table 4 and briefly described in the following, using the same order as in the table. 

The track-finding efficiency is different between data and MC simulation, therefore we apply a 
flat 0.36% correction to the simulation in order to match the efficiency in data. The systematic 
uncertainty related to the reconstruction of charged tracks is determined by removing randomly a 
fraction of tracks corresponding to the uncertainty in the track finding efficiency. The systematic 
uncertainty due to the reconstruction of neutral particles in the EMC is studied by varying the 
resolution and efficiency to match those found in control samples in data. Moreover we assign a 
systematic uncertainty of 1.8% per photon and a 3.0% uncertainty due to 7r° reconstruction. We 
estimate the systematic uncertainties due to particle identification by varying the electron and 
muon identification efficiency by ±2% and ±3%, respectively, and by applying a ±15% uncertainty 
on mis-identification efficiency. 

The uncertainty of the .B^eco background subtraction is estimated by using an alternative ap- 
proach to evaluate Ngi, based on a binned fit; which is compared to the one obtained from the 
TTT-ES fit to estimate the systematic error. After applying the semileptonic selection, we consider the 
TTT-ES distribution obtained from the data and from background components modeled with distri- 
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Figure 4: m^j^^ distribution from data (dots) and signal and background (open and shaded his- 
tograms) contributions from Monte Carlo for S+ — ^ rji'^i' (left) and B'^ — ^ vj t^v (right). 



butions taken from Monte Carlo simulation: B^B^, B^ B~ and e~^e~ qq {q = u, d, s, c). We fit 
the background normalization on data in the ttt-es sideband region, defined by rriES < 5.26GeV/c^. 
The relative normalization of each component is determined by a binned fit- The function is 
defined as 

where A^J"^"* is the number of observed events in the i-th bin, jy^^^MC total background 

component, C^kg is the normalization of the background component and SNl^^""^ and 5N^'~' are the 
statistical uncertainties for data and Monte Carlo respectively. The normalization for e^e~ qq 
{q = u,d,s,c) is fixed and the scaling factor is obtained from a comparison with off'-peak data. 
Instead, the B^B~ and B^B^ components and the normalization of the background component 
are left to vary in the fit. The total background contribution is then subtracted from the events in 
the mES signal region (rriES > 5.27GeV/c^) in order to extract the number of semileptonic events, 
separately for B^ and B^ and the difference is taken as a systematic error. 

We evaluate the effect of cross-feed between B^ and B^ decays by repeating the analysis with 
only the B^B~ Monte Carlo sample. The impact of the charm semileptonic branching fractions has 
been estimated by varying each of the exclusive branching fractions within one standard deviation 
of the current world average [15]. The effects due to exclusive B Xuii' decays have been 
evaluated by varying their branching fractions by 15% for B iriv, 30% for B piv and by 
100% for the remaining decay modes. 

The use of different theoretical form-factor calculations changes the shape of the lepton mo- 
mentum spectrum for the signal and, as a consequence, affects the efficiencies e^^'^ ef and ^g^f- 
The Monte Carlo samples used in this analysis were generated using the ISGW2 model [16]. We 
reweight the event distributions according to the recent calculations by Ball and Zwicky [2] based 
on light-cone sum rules since, among the calculations currently available, these calculations result 
in distributions that differ most from those predicted by ISGW2. We assign the variations with 



15 



respect to ISGW2 as systematic uncertainties. This contribution is small because the selection 
efficiencies for — r/^+i/ and S+ — rlt^v are largely flat over the phase space. 

We take into account the possible effects of the excess around 1.5 GeV/c^ in the r^t^v case 

(left plot of Fig. 4) on the yield extraction. We varied the sideband region definition used to nor- 
malize the background from 1 < m^j^^ < 4GeV^/c^ to 1 < rri^^gg < 2.5GeV^/c'*, that corresponds 
to a variation on the number of background events N^^i of 11%. The difference in the branching 
fraction has been taken as systematic uncertainty. 

The statistical uncertainty on the ratio of efficiencies for B Xlu and signal events in Eq. 5, 
due to limited Monte Carlo statistics, has been taken as a systematic uncertainty. 

The total systematic uncertainties on the B^ rjt^v and B^ rj'l'^u branching ratios are 
given by the sum in quadrature of all the individual contributions to the systematic uncertainties 
(Table 4). 



Table 4: Systematic uncertainties in the measurement of Rexcl/sl- 





Uncertainty on Rexd/sl 




B+ rjl+u 


B+ r]'l+u 


Statistical error 


±0.24 


±0.53 


Track reconstruction efficiency 


±0.04 


±0.02 


Photon resolution, tt^ reconstruction 


±0.03 


±0.03 


Electron identification 


±0.03 


±0.01 


Muon identification 


±0.03 


±0.02 


mES fit 


±0.09 


±0.04 


Cross-feed 5° ^ B+ 


±0.01 


±0.09 


B DlvX and D branching fractions 


±0.04 


±0.12 


B Xuii^ branching fractions 


±0.02 


±0.05 


Form-factor model 


±0.03 


±0.02 


Background normalization 


±0.08 


±0.07 


MC statistics 


±0.12 


±0.20 


TtMal sj'sU^iiialic crnjr 


±0.19 


±0.27 



6 Conclusions 

We measured the branching fractions relative to the inclusive charmless semileptonic branching 
fraction for B^ — >■ •ql'^v and B'^ -q' H.'^u . We obtain: 

^B{B^'^Xll) ^ ^^•'^^ ^ ^ ^-^^yst) X 10-^ 

B{B Jxtv) " ^^-^^ ^ ^ 0.27,j,,t) X 10-3. 

Using the inclusive semileptonic branching fraction B{B Xiiy) = (10.73 ± 0.28)% and the ratio 
of the S° and S+ lifetimes Tb+/tbo = 1.086 ± 0.017 [15], we derive the branching fractions for 
B+ rjl+v and B+ rj'i+v . We obtain: 
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B{B+ ^ r/^+i/ ) = (0.84 ± 0.27,t„t ± 0.21,2,,t) x lQ-\ 

B{B+ ^ 7?'£+z/ ) = (0.33 ± 0.60,tat ± O.SO^^^st) x 10"^ 

The significance and the upper hmit has been calculated including all the systematic and statistical 
uncertainties on the background. 

The resulting significance is 2.55(7 for rjl'^u and O.QSc for B~^ rl t^v . 

For these branching fractions we get the following 90% confidence level (C.L.) upper limits: 

B{B+ rji+u ) < 1.4 X 10-^(90%C.L.) 

I3{B+ rll-^v ) < 1.3 X 10-^(90%aL.) 

7 ACKNOWLEDGMENTS 

We are grateful for the extraordinary contributions of our PEP-II colleagues in achieving the 
excellent luminosity and machine conditions that have made this work possible. The success of 
this project also relies critically on the expertise and dedication of the computing organizations 
that support BABPR. The collaborating institutions wish to thank SLAC for its support and the 
kind hospitality extended to them. This work is supported by the US Department of Energy and 
National Science Foundation, the Natural Sciences and Engineering Research Council (Canada), 
Institute of High Energy Physics (China), the Commissariat a I'Energie Atomique and Institut 
National de Physique Nucleaire et dc Physique des Particules (France), the Bundcsministcrium fiir 
Bildung und Forschung and Deutsche Forschungsgemcinschaft (Germany), the Istituto Nazionale 
di Fisica Nucleare (Italy) , the Foundation for Fundamental Research on Matter (The Netherlands) , 
the Research Council of Norway, the Ministry of Science and Technology of the Russian Federation, 
Ministerio de Educacion y Cicncia (Spain), and the Particle Physics and Astronomy Research 
Council (United Kingdom). Individuals have received support from the Marie-Curie lEF program 
(European Union) and the A. P. Sloan Foundation. 



17 



References 

[1] N. Cabibbo, Phys. Rev. Lett, 10, 531 (1963); 

M. Kobayashi and T. Maskawa, Prog. Th. Phys., 49, 652 (1973). 

[2] P. Ball and R. Zwicky, Phys. Rev. D 71 (2005) 014015. 

[3] CLEO Collaboration, S. B. Athar et al, Phys. Rev. D 68 (2003) 072003. 

[4] Belle Collaboration, T. Hokuue et al., Measurements of branching fractions andq^ distributions 
for B — irlu and B — ^ plu decay tagging., hep-ex/0604024. Submitted to Phys. Lett. B. 

[5] BABAR Collaboration, B. Aubert et al.„ Phys. Rev. D 72 (2005) 051102. 

[6] BABAR Collaboration, B. Aubert et al, Branching Fraction for B^ 'k~1~^v and Deter- 
mination of iKbl in r(45) B "B^ Events Tagged by B° D^*^+£-i?, hep-ex/0506064. 
Contribution to Lepton-Photon 2005, Uppsala, June 30-July 5, 2005. 

[7] BABAR Collaboration, B. Aubert et al., Branching Fraction for B"*" ir^i'^v, Measured in 
T{AS) BB Events Tagged by B' D^l-D{X) Decays, hep-ex/0506065. Contribution to 
Lepton-Photon 2005, Uppsala, June 30-July 5, 2005. 

[8] BABM, Collaboration, B. Aubert et al, Measurement of the B^ — tt'I'^v and B+ — -k^I'^v 

Branching Fractions and Determination of \Vub\ in T{4:S) — > B ^B^ Events Tagged by a Fully 
Reconstructed B Meson, hep-ex/0507085. Contribution to HEP 2005, Lisbon,Portugal July 
21-July 27, 2005. 

[9] BABMi Collaboration, B. Aubert et al., Study of b ^ uiv Decays on the Recoil of Fully Re- 
constructed B Mesons and Determination of |V^b| ■, hep-ex/0408068. Contribution to ICHEP 
2004, Beijing, August 16-22, 2004. 

[10] BABAR Collaboration, B. Aubert et al, Nucl. Instr. Methods Phys. Res., Sect. A 479 1 (2002). 

[11] W. Kozanecki, Nucl. Instr. Methods Phys. Res., Sect. A 446 (2000) 59-64. 

[12] Gcant4 Collaboration, S. Agostinelh et al, Nucl. Instr. Methods Phys. Res., Sect. A 506 
(2003) 250-303. 

[13] ARGUS Collaboration, H. Albrecht et al, Z. Phys. C 48 (1990) 543-552. 

[14] Crystall Ball Collaboration, T. Skwarnicki, A Study of the Radiative Cascade Transitions 
Between the T and T Resonances, DESY F31-86-02, Ph.D. thesis. 

[15] S. Eidelman et al, Phys. Lett. B 592 (2004) 1. 

[16] D. Scora and N. Isgur, Phys. Rev. D 52 (1995) 2783. 



18 



